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INTRODUCTION

Because of its high energy density (225 Wh/Ib), ‘the lithium-sulfuryl chloride
system has been studied extensively (1,2) as an alternate of primary lithium-thionyl
chloride electrochemical cells. Gilman and Wade (3) examined the discharge
characteristics of primary Li/SO,Cl; cells in 1.5M LAICl4 electrolyte using different
carbon cathodes and established the following reactions:

2L +SO,Cl; » SO, + 2 LiCl

Based on cyclic voltammetry results and the work of Gilman and Wade (3), Behl
(4) concluded that the mechanism of cathodic reduction involved first the
reduction of free chlorine resulting from the homogeneous and/or heterogeneous
dissociation of sulfuryl chloride (S) followed by the reduction of undissociated
sulfuryl chloride. Klinedinst and Gary (2) examined primary Li/SO,Cl, system
with LiGaCly electrolyte and observed relatively insignificant anode coirosion.

The nature of the discharge reaction and the fact that sulfuryl chloride can be
prepared by the reaction of sulfur dioxide and chlorine on carbon have encouraged
researchers (6,7) to examine the rechargeability of Li/SO,Cl, systems. Razzini et
al (6), while investigating the characteristics of primary Li/SO,Cl, cells, observed
some potential rechargeability of the system. Later, Smith and co-workers (7)
confirmed the observation and proposed ne following discharge-charge reactions:

Discharge Reactions:
Anode: 2L » 2LT + 2 [1]
Cathode: SO,Cl, + 2e -~ SO, +2CI 2]

2L+ 502C|2 > SOZ + 2 LlCl

Charge Reactions:
Anode: 2LU* +2e > 2L 3]
Cathode:  2AICI;” = 2AICI3 + Cly + 2e” (for LIAICI, electrolyte) [4]

a

Chemical recombination of sulfur dioxide formed on discharge and chlorine formed O
on charge regenerate the original solvent: «&‘7\.. """ -
eeseeoese

SOZ + C'z -> 502C|2 [5]
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While AICI; combines with LiCl formed during discharge to regenerate the
electrolyte salt:

AICl3 + LICl > LiAICI, (6]
The sum of the charge and regeneration reactions gives
SO, + 2LCI = 2L + SO,Cl,y (7!

the reverse of the discharge reaction.

The Li cycling efficiencies in LIAICI4/SO,Cl, were examined by Walker and Binder
(8) at different rates and observed >80 percent efficiency at current density
>5 mA/cmz. The authors also examined the effect of the addition of SO5 and Cl,
to the electrolyte on Li cycling efficiency.

The overall objective of the present contract research is to develop and improve
performance of Li/SO,Cl, rechargeable cells with particular emphasis on:

i) Safety

if) discharge capacity, and

i)  cycle life.
In order to achieve these objectives our approach is to investigate the chemistry of
Li/SO4Cl; system with different carbon cathode materials, to optimize the cathode

structure, to minimize the anode corrosion problem and to examine the effects of
electrochemical parameters on cycle performance.

EXPERIMENTAL

Experimental cells with a flat electrode design were used to study the cell
chemistry and cycling performance of the Li/SO,Cl, system in 1.5M LiGaCl, and
1.5M UAICl, electrolytes. The positive carbon electrodes were made by mixing
proper amounts of carbon, Teflon, alcohol and water to form a dough. The dough
was then rolled to a thickness of about .020-.030 inch and air-dried in a dry rocm.
The rolled carbon sheet was then cut to a proper dimension of the cathode and
pressed on both sides of a Teflon-rich carbon coated perforated Ni-foil (.005 inch
thick). The resulting cathode was then dried and cured at 150°C under vacuum
for 30 minutes.
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The lithium anodes were made by pressing two layers of lithium foil (.010 inch) on
each side of a .005 inch perforated Ni-foil. The cell configuration was as follows:

Anode/Separators/Cathode/ Separators/Anode

The positive carbon electrode was positioned in the center and sandwiched
between two negative lithium electrodes and separated by non-woven glass paper
and microporous Tefzel. The cell system was packed in a Tefzel (.002 inch thick,
60% porous) bag to prevent shorting to the can while permitting electrolyte
diffusion. '

The design specifications of hermetically sealed experimental Li/SO,Cl, cells are
summarized in Table 1. The exploded view of cell components and stack
assembly are shown in Figure 1. The cell stack was placed between two half
cylindrical Teflon shims and inserted in "D" size stainless steel cans. Several cells
were built with a Li reference electrode. In this case, a 5/4-D can with both ends
opened was used. The positive electrode was connected to the can and the
negative and reference electrodes to the top and bottom center posts of the glass-
metal seal by welded nickel tabs. The cell was sealed by welding the top and
bottom to the can using a LASER welder. The cell was then vacuum-filled with the
electrolytes.

Both 1.5M LIAICl4/SO,Cl; and 1.5M LiGaCl4/SO,Cl; electrolytes were used to
evaluate the Li/SO,Cl, cell performance. The electrolytes were prepared from
their individual salts, LiCl (Baker Analytical Reagent, 99.3%), AICl3 (King’s
Mountain, >99.9% pure from our analysis) and GaCl3 (Eagle Pitcher, 99.999%).
LiCl was dried at 120°C under vacuum for at least 24 hours. AICl3 and GaClg
were used as received. The solvent SO,Cl, was obtained from Alfa Products with
claimed purity of 99%. The electrolytes were stored under Li-chips for at least 24
hours prior to activation of the test cells. The concentrations of the electrolyte
solutions were checked by Direct Current Plasma (DCP) Spectroscopy.

RESULTS AND DISCUSSION

The performance of twelve hermetically sealed experimental Li/SO,Cl, celis
containing Ketjen Black (L001-L003) and mixed carbon cathodes in 1.5M LAICl,4
(L001-L005 and L012) and 1.5M LiGaCl, (L006-L011) electrolytes are summarized
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in Table 2. All twelve cells show an open circuit potential of about 3.9 V. The cells
were examined at 1-5 mA/cm? discharge and 1-2 mA/cm? charge rates within the
voltage limits of 2.5-4.2 V and the time limits of 4 to 50 hours.

The discharge-charge characteristic of a Li/SO,Cl, cell (L003) containing Ketjen
Black cathode and 1.5M LIAICI4 electrolyte is shown in Figure 2. The cell suffered
from a significant voltage delay due to anode passivation. Similar voltage delay
behavior of Li/SO,Cl, primary cells was observed by others (2) and was
interpreted as due to the formation of a relatively thick layer of LiCl on the anode
surface.

2L+ 502C|2 - 2 LCl + SOZ

Anade polarization is measured by subtracting the potential difference between the
cathode and reference (E-Ep) from the cell voltage (E-E;;). The anode
polarization is significant at the beginning of the discharge due to anode passivation
and then gradually decreases as the passive layer breaks down until the cell attains
a flat discharge behavior. During charge, the cell shows no increase in voltage but
capacity gradually decreases with time, indicating inefficient charge. The probable
reason for this is discussed below. The cell was discharged within the time limit of
6 hours and delivered a capacity of 3.31 Ah/g of carbon.

At the beginning of the second discharge cycle, the cell reaches the lower voltage
limit immediately because of inefficient charge and severe anode passivation.

Two other cells (L001-L002) with Ketjen Black carbon and LIAICl, electrolyte show
similar voltage delay an discharge-charge behavior even at low discharge (1
mA/cm?) rate (LOO1).

Two cells were made with blended carbon (80% low surface area Shawinigan
Acetylene Black + 20% high surface area Cabot Black Pearls 2000) and activated
with LIAICl, electrolyte (LO04 and L00S). Both of these cells showed much less
voltage delay but were unable to cycle.

A typical discharge-charge behavior of cell L004 is shown in Figure 3. The cell was
discharged at 1 mA/cm? by the time limit of 30 hours and delivered a capacity of
2.16 Ah/g of carbon.
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Cells made with blended carbon cathode and LiGaCl, electrolyte show significantly
lower voltage delay (Figure 4) at 1 mA/cm? discharge and charge rate. Even at a
higher discharge rate (5 mA/cm?) the system shows insignificant voltage delay.

All twelve cells experienced inefficient charging and hence were unable to cycle.
Charging will be inefficient if the Cl, and AICl3 generated in reaction [4] fail to
undergo reactions [5] and [6] but instead, diffuse to and attack the Li electrode as
in [8].

2L +Cly » 2LC [8]

which will also cause anode passivation. in our system, inefficient charging might
have occurred due to the use of microporous Tefzel separator. Similar inefficient
cycling was observed by Smith and James (9) when they used Tefzel separator in
their Li/SO,Cl, system. From our study we may conclude that:

(i) High surface area carbon has significant influence on anode
passivation in Li/SO,Cl, systemy;
(ii) anode passivation is more significant with LAICI4 than
LiGaCly electrolyte;
(iii) Tefzel separator may cause inefficient charging.
FUTURE WORK
The following work is planned to do in the next quarter:
(i) The effect of different carbons on 1.5M LAICl,/SO,Cl,
using electrolyte by IR Spectroscopy;
(ii) Evaluation of cycling performance of different Li/SO,Cl,
cells with glass rather than Tefzel separator.
(iii) Allow cells to drop below cutoff voltage to accommodate
the voltage delay.
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